It was shown previously that cobaltous ion inhibits flowering of the short-day plant cocklebur if it is applied to plants at concentrations of about 3 X 10-4 to 6 X 10-2 moles per liter just before a single inductive dark period (10) . Although development of the floral bud is inhibited by extremely high concentrations of cobaltous ion applied at any time, lower concentrations are only effective in floral inhibition providing they are applied before the end of the critical night (the minimum period of darkness required to produce flowers). Cobaltous ion increases the duration of the critical night-that is, the biological timing mechanism in the leaf of the cocklebur appears to be slowed down by cobaltous ion ( fig. 1 , discussed below, illustrates this phenomenon).
The literature contains more than 60 references relating to the effect of the cobaltous ion upon plants. Most of these are concerned with nutrition, although some do attempt to ascertain the mechanism of action in the response under consideration. Some five mechanisms have been suggested, and'the first four of these were investigated in the present study, in regards to the action of cobaltous ion in the flowering process : 1) An inhibition of peroxigenesis. Galston and Siegel (3) reported that cobaltous ion inhibited the formation of organic peroxides in pea stem sections and thus spared the destruction of indole acetic acid by indole acetic acid oxidase. They further reported that manganous ion would act in an opposite or even antagonistic manner in this tissue.
2) Oxidation of phenol type compounds. Gil- lette et al (4) ported that cobaltous ions inhibit cell division and increase the production of mycelial forms in yeast. They were able to reverse the effects of cobaltous ion with cysteine. They concluded that cobaltous ion acts through an influence on sulfhydryl groups, which are in some way important in cell division. Thimann (12) reported that concentrations of cobaltous ion high enough to be inhibitory to the growth of etiolated pea sections probably act through an effect on sulfhydryl compounds, since he was able to reverse this effect with 2,3-dimercaptopropanol (BAL).
5) Inhibition of synthesis and regeneration of cytoplasmic proteins. Werz (14) reported that application of cobaltous ion to a marine green alga immediately stopped regeneration and synthesis of cytoplasmic proteins. Although such an effect was not tested in the present system, cytochemical responses should perhaps be kept in mind in future interpretation of cobaltous ion effects.
Since knowledge of the timing mechanisms of photoperiodism has increased through experiments utilizing light interruption of an inductive dark period, experiments reporting the effects of cobaltous ion in these responses are discussed in this 'paper. The timing mechanisms which control endogenous daily leaf movements are considered by some authors (1) to be related to timing in flowering. Thus effects of cobaltous ion upon daily leaf movements were also studied.
It will be shown that the mechanism of action of cobaltous ion in its disturbance of timing in the photoperiodic response of cocklebur is probably related to sulfhydryl groups in the 'leaf cells, that timing is not reversed by brief light interruptions bf the inductive dark period, and that timing in the flowering process can be separated from timing of daily leaf movements.
It should be noted that cobaltous ion, since it is not an organic substance, is eliminated by the report of the special comm'ittee on definitions (Plant Physiol. 29: 307. 1954 ) from the class of compounds known as growth regulators. Yet its regulatory effects upon flowvering are similar in many respects to effects of the usual growth regulators. Thus it is convenient to discuss these effects in this series.
MATERIALS AND METHODS
The general procedure followed in most of the experiments has been described in detail previously (9, 10, 11 PLANT PHYSIOLOGY 2 thin layers of clear plexiglass. The red plastic begins to transmit at 5800 A and transmits more than 90 % of the light with wave lengths above 6800 A (thus "red" in this paper actually means red plus farred). The combination of red plastic plus blue cellophane transmits less than 10 % below 6800 A and more than 80 % above 7500 A.
In the leaf movement experiments, (fig 8) , the position of the leaf is observed with the plants placed in front of a light background and behind a sheet of glass covered by a piece of Saran Wrap (a transparent film produced by the Dow Chemical Company) which is attached by its own adhesion to the glass surface. The outline of stem, petiole and blade is then traced on the Saran Wrap with a red wax pencil. Weak green light is used for observations during the dark period. The time and temperature are recorded, and the number assigned to each plant is written beside its outline. The best angle to measure proved to be one between the stem above the axil and an imaginary line from the axil to the tip of the leaf. Five different observers, each of whom performed all operations described above, produced average values for 10 plants which agreed within 5 degrees. The measured angle varies about 60°(at least 10 times the margin of error) in each 24 hour period, although the actual position of the leaf varies even more (from an almost horizontal position in the afternoon to the near vertical some time after midnight).
Details such as leaf size, time of year, etc. are shown for all experiments in table I.
EXPERIMENTS AND RESULTS EFFECT OF VARIOUS SALTS OF COBALT UPON THE CRITICAL NIGHT:
In previous experiments by the author (10), cobaltous ion has always been applied as the chloride. To demonstrate that the action was due to cobaltous ion rather than the chloride ion, plants were treated with a number of salts of cobalt just before dark periods of various lengths. Control figure ? . It is obvious that manganous ion neither influences flowering, nor does it overcome the inhibitory effect of cobaltous ions.
2) Oxidation of phenol type compounds: Manganous ion was most effective in the experiments of Gillette et al (4) , yet it has no effect on flowering. Thus the experiment of figu-re 2 seems to eliminate this mechanism of action from consideration.
3) A promotion of m,etqbolism: Thimann's (12) conclusion that cobaltous ion might channel respiratory energy into growth was based upon-a reversal of the cobaltous ion effect by 2,4-dinitrophenol (DNP). Thus an experiment was set up in which the critical night was determined (as in fig 1) for a set of control plantst for plants treated with DNP, for plants' treated with cobaltous ion,' and for plants treated with cobaltous ion plus DNP. No reversal of the cobalt effect by DNP could be observed. It would indeed be very surprising if such reversal could be observed, since dinitrophenol is itself inhibitory to flowering (10). 4) Relation of cobaltous ion to endogenous sulfhydryl compounds:' --The 'possibility that this r-elationship might be important in the cobaltous effect upon flowering was tested by treating plants with cobaltous ion, cysteine (8) , and both substances applied in the same solution, as in the manganous ion experiment described above. From the results shown in figure   3 , it is evident that cysteine is able to completely reverse the effects of cobaltous ion upon flowering. Glutathione has been used with equal success. It is important to note that the vegetative responses to cobaltous ion (slight yellowing of leaf edges) were not reversed by cysteine or by glutathione. Thus cysteine must not influence penetration of cobaltous ion or its effect upon leaf cells. Figure 4 shows the effects of cobaltous ion, cysteine, and the combination upon the critical night. Again it can be seen that cysteine completely reverses the effects of cobaltous ion upon flowering. Cobaltous ion and far-red reversal of red inhibition: It has been shown by Downs (2) that the inhibition of flowering produced by red light interruption of the dark period may be reversed, to some extent at least, by far-red illumination following this interruption. The effect of cobaltous ion upon this response was studied. Cobaltous ion treated and control plants were illuminated first with a constant (usually 10 seconds) interruption by red light near the middle of the 16-hour dark period. Immediately following the red light interruption, far-red light was applied for periods of varying duration. This experiment has been repeated 5 times. Although no two of these experiments have agreed in all particulars, two features common to most of them are illustrated by figure 7 . First, the reversal of red light inhibition of control plants by far-red light is never complete (see Downs, (2)). In some experiments, reversal may be nearly 80 %-of the control, but the reversal shown in figure 7 is quite typical. Second, the reversal of cobaltous ion treated plants to the flowering level of the cobaltous ion controls (no interruption), is often complete or nearly so. A third effect, shown by figure 7, which did not appear in all experiments of this type was a shorter saturating duration of far-red light required for reversal of cobaltous treated plants than for reversal of control plants.
COBALTOUS ION AND LEAF MOVEMENTS: Leaf movements were observed for 2 sets of plants. After observations had shown that leaf movements of both sets were in reasonable synchronization, 1 set was treated with cobaltous ion and both sets were given a single 16-hour inductive dark period. Leaf movements and temperatures before, during and following this dark period are shown in figure 8 , and the floral stages are also recorded in this figure. It can be seen that cobaltous ion inhibited flowering to the degree to be expected with a 16 hour night and the concentration of cobaltous ions which were used. Leaf movements, however, were not significantly influenced by treatment with cobaltous ion. This experiment has been repeated 3 times. Previous experiments by the author on light interruption given at various times during the inductive dark period have yielded curves which are almost symmetrical with respect to the 1st and 2nd halves of the dark period (11) . These experiments were interpreted on the basis that the effectiveness of a light interruption applied during the first part of the dark period depended upon the amount of darkness following this light interruption. Thus plants interrupted of cobaltous ion treated plants at various times during an inductive dark period yields curves which are very markedly asymmetrical. Indeed, in some experiments (not shown) plants treated with cobaltous ion flower to some degree even when they are interrupted 8 hours after the beginning of a 16-hour dark period, although control plants never flower under these conditions. Plants treated with cobaltous ion also never flower if they are given only 8 hours of darkness. Figure 5 indicates that the effectiveness of a light interruption applied before the completion of the critical dark period is not dependent upon the duration of the dark period following this interruption, but upon the timing mechanisms of flowering and, of course, upon the total amount of darkness received by the plants. It appears, then, that light interruption during the first part of the dark period may not reverse all of the "dark reactions" in the flowering process.
The "clock" may not be reset. It would appear from the experiments of Hamner (5) and those of Liverman and Bonner (6) that high intensity light, or an energy substrate such as sucrose, will reset the clock, but the data of figure 5 indicate that a light interruption of short duration probably does not.
It has been shown previously that the timing mechanism of the flowering process must not be the time required for the photoreceptor pigment to be converted in the dark from a far-red to a red receptive form (11 It is tempting to envisage mechanisms involved in the light interruption phenomena. Schemes come to mind to explain how light interruption might act to inhibit flowering in some manner other than by "resetting the clock." Red light, by converting the photoreceptor pigment to the far-red receptive form, might cause a synthesis of some substance inhibitory to flowering or to subsequent synthesis of flowering hormone. The amount of inhibitory substance produced would have to be a function of the timing reactions of flowering which are sensitive to cobaltous ion. Inhibiting substances have often been postulated as part of the flowering mechanism (e.g. (13) ).
James Bonner (personal communication) has suggested a similar scheme in which the timing mechanism is not reset by red light interruption. The timing mechanism controls the amount of flowering hormone synthesized, beginning at the end of the critical night and continuing thereafter at a decreased rate. A red light interruption "instructs" the leaf not to synthesize flowering hormone for some time interval after the light interruption (e.g. a substance may be produced by the light flash which inhibits flowering hormone synthesis and requires a time interval to be removed from the leaf). At the end of the time interval, rate of flowering hormone synthesis depends on the length of time since the beginning of the inductive dark period-as measured by the "biological clock." Cobaltous ion slows down the "biological clock" and possibly increases the time interval required until flowering hormone synthesis may begin following a light flash. Such a scheme, worked out graphically, elegantly explains the asymmetry of the curves in figure 5 .
It is also possible to devise schemes in which the clock is reset, but the assumptions seem even more complex than those discussed above.
It is difficult to see how such schemes might be tested, except that the data upon which they are based might be improved by better environmental control. Furthermore, figures 3 and 4 indicate that the observed responses are in some way related to endogenous sulfhydryl groups. A biochemical approach to the problem might give us further insight into the nature of cobalt-influenced light responses such as timing in the flowering process and leaf expansion. Figure 8 indicates that the timing reactions of flowering may be separated from the timing reactions which control leaf movements. Cobaltous ion; was ineffective in disturbing the timing of leaf movements, although timing in the flowering process is clearly upset. Dr. Franz Leinweber reports (personal communication), however, that he has been able to slow down leaf movements in the cocklebur by application of cobaltous ion. His experiments were carried out at constant temperature with accurately controlled environmental conditions which were quite superior to those used by the present author. It may be that the timing mechanisms controlling leaf motions ill figure 8 are influenced by the sharp variations in temperature as shown in that figure. Thus it may be necessary to manipulate temperature as an experimental variable in order to separate effects of cobaltous ion upon timing of leaf movements from effects upon timing in flowering. Nonetheless it may be significant that such effects can be separated at all. SUM MARY 1. Cobaltous ion extends the critical night, the minimum single period of darkness required by the cocklebur for manifestation of the first perceptible signs of flowering. The critical night is extended by cobaltous ion in the presence of a variety of anions, and potassium or manganous ions have no effect upon the critical night.
2. Biochemical mechanisms of action of the co-
